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CHAPTER 6 
 

MATERIAL DESCRIPTION, CLASSIFICATION, 
AND LOGGING 

 
6.1 INTRODUCTION 
 
Geomaterials (soil and rock) are naturally occurring materials used in highway construction by 
SCDOT.  Understanding soil and rock behavior is critical to the design and construction of any 
project.  Soil and rock classification is an essential element of understanding the behavior of 
geomaterials.  Field explorations in South Carolina encounter 3 types of geomaterials (i.e., soil, 
IGM and rock). 
 
Soil and rock are either unconsolidated or consolidated solid particles, respectively, while IGM is 
a material with both soil and rock characteristics and properties.  Soil is the result of the 
weathering of rock and may be transported to another location or may be left in-place (i.e., residual 
soil).  Consolidated soils typically have some degree of cementation while unconsolidated soils 
typically have no cementation.  Rock is normally a durable, hard naturally occurring material.  IGM 
is used only in the design of drilled shafts (see Chapter 16 for discussion on how IGM is applied 
to design).  O’Neill, Townsend, Hassan, Buller and Chan (1996) defined IGM more specifically 
as: 
 

• argillaceous geomaterials – heavily overconsolidated clays, clay shales, and saprolites 
that are prone to smearing when drilled 

• calcareous rocks – limestone and limerock and argillaceous materials that are not 
prone to smearing when drilled 

• very dense granular geomaterials – residual and completely decomposed rock with an 
SPT N-value between 50 and 100 blows per foot 

 
The first 2 IGM types indicated above are considered Cohesive IGM, while the 3rd is considered 
Cohesionless IGM.  The argillaceous IGMs composed of transported materials containing 
between 12 and 40 percent clay fraction (CF) while the saprolites are the result of in-situ chemical 
weathering of the parent rock material that contains between 12 and 40 percent CF.  If design 
dictates that the type of IGM needs to be determined, then the percent CF shall be determined 
using ASTM D7928 (hydrometer analysis).  The unconfined compressive strength, qu, ranges 
from 5 tons per square foot (tsf) to 50 tsf; therefore, for a soil to be considered Cohesive IGM, 
both conditions (i.e., the CF and qu) must be met for the argillaceous geomaterials.  For calcareous 
rocks only qu must be met (i.e., qu ranges from 5 to 50 tsf) for the geomaterials to be considered 
cohesive IGM.  The qu shall be determined by laboratory shear strength testing on undisturbed 
samples.  The use of field methods to determine shear strength shall be allowed only when 
approved in writing by the OES/GDS prior to the field testing.  The Cohesionless IGM is treated 
as very dense sand in the design of drilled shafts (see Chapter 16).   
 
As required in Chapter 4 and indicated in Chapter 5 soils are typically drilled using either hollow 
stem augers (HSA) or rotary wash (RW) methods (see Chapter 5 for drilling method to be used 
where).  The problem in the field is when rock coring is required as opposed to other drilling 
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methods.  Coring shall begin at drilling refusal.  An SPT shall be performed at drilling refusal.  
Drilling refusal is defined as the inability to advance the auger in areas where HSA are allowed.  
In borings using RW methods, drilling refusal is defined as the inability to advance a roller cone 
(tricone) bit. 
 
As indicated in Chapter 5, there are numerous field and laboratory testing procedures used by 
SCDOT to explore project sites.  Included in this Chapter is a discussion of the presentation of 
only some of these methods, specifically soil test borings (including SPT and rock coring results), 
CPT and DMT test results as well as results of field geophysical testing.  For convenience, the 
classification of soil will be discussed first for the soil borings, CPT and DMT with the classification 
of rock following.  In addition, figures indicating the presentation of the field data are included. 
 
Details of the subsurface conditions encountered, including basic material descriptions and details 
of the drilling and sampling methods shall be recorded.  See ASTM D5434 - Standard Guide for 
Field Logging of Subsurface Explorations of Soil and Rock.  During field exploration, specifically 
soil borings, a field log shall be kept of the materials encountered.  In addition, the field log shall 
also include driller notes concerning the advancement of the test method (i.e., were hard layers 
encountered between SPT samples, etc.).  The field personnel keeping the field logs shall have 
a minimum of 2 years of soil classification experience using ASTM D2488 – Standard Practice for 
Description and Identification of Soils (Visual-Manual Procedure). The exception to this is for rock 
coring.  All rock coring shall be observed and all rock cores shall be logged by either a registered 
engineer or registered geologist with a minimum of 4 years of rock coring observation and logging 
experience.  Daily, copies of driller field logs shall be scanned and forwarded to the GEOR for 
review.  The GEOR, at his/her discretion, may make changes to the field operations based on 
observations from the field logs. 
 
Upon delivery of the samples to the laboratory, a registered engineer or registered geologist shall 
verify and modify as necessary the material descriptions and classifications based on the results 
of a more detailed visual-manual inspection of samples.  Draft logs shall only be submitted to the 
RPG/GDS after verification of the classifications in the laboratory.  The RPG/GDS shall use the 
draft logs to assign laboratory testing as required for those projects conducted by the RPG/GDS.  
Classifications shall be further modified based on the results of the laboratory testing and final 
logs shall be prepared based on the revised classifications. 
 
Material descriptions, classifications, and other information obtained during the subsurface 
explorations are heavily relied upon throughout the remainder of the investigation program and 
during the design and construction phases of a project.  It is therefore necessary that the method 
of reporting this data be standardized.  Records of subsurface explorations should follow as 
closely as possible the standardized formats presented in this Chapter.  
 
This Chapter is divided into two primary sections, the first is associated with the description and 
classification of soil and the second section will discuss the description and classification of rock.  
The soil description and classification section will discuss the two soil classification systems used 
by SCDOT (i.e., the USCS and AASHTO). 
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6.2 SOIL DESCRIPTION AND CLASSIFICIATION 
 
6.2.1 Soil Test Borings 
 
A detailed description for each material stratum encountered should be included on the Soil Test 
Log (see Figures 6-14, 6-19 and 6-20) and on the Manual Auger Log (see Figures 6-18 and 6-
21).  The extent of detail will be somewhat dependent upon the material itself and on the purpose 
of the project.  However, the descriptions should be sufficiently detailed to provide the GEOR with 
an understanding of the material present at the site.  The descriptions should be sufficiently 
detailed to permit grouping of similar materials and aid in the selection of representative samples 
for testing. 
 
Soils should be described with regard to soil type, color, relative density/consistency, etc.  The 
description shall match the requirements of the Unified Soil Classification System (USCS) and 
the AASHTO soil classification system.  A detailed soil description shall include the following items 
and shall match the descriptive terms discussed in the following sections, in order: 
 

1. Relative Density/Consistency 
2. Moisture Condition 
3. Soil Color 
4. Particle Angularity and Shape (for coarse-grained soils) 
5. Hydrochloric (HCl) Reaction 
6. Cementation 
7. Gradation  

a. Coarse-Grained Soils 
b. Fine-Grained Soils 

8. Unified Soil Classification System (USCS) 
9. AASHTO Soil Classification System (AASHTO) 
10. Other pertinent information 

 
6.2.1.1 Relative Density/Consistency 
 
Relative density refers to the degree of compactness of a coarse-grained soil.  Consistency refers 
to the stiffness of a fine-grained soil.  When evaluating subsurface soil conditions using 
correlations based on SPT N-values, the N-values shall be corrected (see Chapter 7 for 
corrections).  However, only actual field recorded (uncorrected) SPT N-values (Nmeas) shall be 
included on the Soil Test Boring Log and shall be used to determine the relative density and/or 
consistency. 
 
Standard Penetration Test N-values (blows per foot) are usually used to define the relative density 
and consistency as follows:  
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Table 6-1, SPT Relative Density / Consistency Terms 
Relative Density1,2 Consistency1,3 

Descriptive 
Term 

Relative 
Density 

SPT Blow 
Count 
(bpf)4 

Descriptive 
Term 

Unconfined 
Compression 
Strength (qu) 

(tsf) 

SPT Blow 
Count 
(bpf)4 

Very Loose 0 to 15% ≤ 4 Very Soft ≤0.25 ≤2 
Loose 16 to 35% 5 to 10 Soft 0.26 to 0.50 3 to 4 

Medium Dense 36 to 65% 11 to 30 Firm 0.51 to 1.00 5 to 8 
Dense 66 to 85% 31 to 50 Stiff 1.01 to 2.00 9 to 15 

Very Dense 86 to 100% ≥51 Very Stiff 2.01 to 4.00 16 to 30 
   Hard ≥4.01 ≥ 31 

1For Classification only, not for design 

2Applies to coarse-grained soils (major portion retained on No. 200 sieve) 
3Applies to fine-grained soils (major portion passing No. 200 sieve) 
4bpf – blows per foot of penetration at 60 percent ER (see Chapter 7 for ER determination) 

 
6.2.1.2 Moisture Condition 
 
The in-situ moisture condition shall be determined using the visual-manual procedure.  The term 
“saturated” shall not be used, unless the degree of saturation is actually determined.  The moisture 
condition is defined using the following terms: 
 

Table 6-2, Moisture Condition Terms 
Descriptive 

Term Criteria 

Dry Absence of moisture, dusty, dry to the touch 
Moist Damp but no visible water 
Wet Visible free water, usually in coarse-grained soils below the water table 

 
6.2.1.3 Soil Color 
 
The color of the soil shall be determined using the Munsell color chart and shall be described 
while the soil is still at or near the in-situ moisture condition.  The Munsell color designation shall 
be provided at the end of the soils description. 
 
6.2.1.4 Particle Angularity and Shape 
 
Coarse-grained soils are described as angular, subangular, subrounded, or rounded.  Gravel and 
cobbles can be described as flat, elongated, or flat and elongated.  Descriptions of fine-grained 
soils will not include a particle angularity or shape.  
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Table 6-3, Particle Angularity and Shape 
Descriptive 

Term Criteria 

Angular Particles have sharp edges and relatively plane sides with unpolished surfaces 
Subangular Particles are similar to angular description but have rounded edges 
Subrounded Particles have nearly plane sides but have well-rounded corners and edges 

Rounded Particles have smoothly curved sides and no edges 
Flat Particles with a width to thickness ratio greater than 3 

Elongated Particles with a length to width ratio greater than 3 
Flat and 

Elongated Particles meeting the criteria for both Flat and Elongated 

 
6.2.1.5 HCl Reaction 
 
The terms presented below describe the reaction of soil with HCl (hydrochloric acid).  Since 
calcium carbonate is a common cementing agent, a report of its presence on the basis of the 
reaction with dilute hydrochloric acid is important. 
 

Table 6-4, HCl Reaction 
Descriptive Term Criteria 

None No visible reaction 
Weakly Some reaction, with bubbles forming slowly 
Strongly Violent reaction, with bubbles forming immediately 

 
6.2.1.6 Cementation 
 
The terms presented below describe the cementation of intact coarse-grained soils. 
 

Table 6-5, Cementation 
Descriptive Term Criteria 
Weakly Cemented Crumbles or breaks with handling or little finger pressure 

Moderately Cemented Crumbles or breaks with considerable finger pressure 
Strongly Cemented Will not crumble or break with finger pressure 

 
6.2.1.7 Gradation 
 
The classification of soil is divided into 2 general categories based on gradation, coarse-grained 
and fine-grained soils.  Coarse-grained soils (gravels and sands) have more than or equal to 50 
percent (by weight) of the material retained on or above the No. 200 sieve, while fine-grained soils 
(silts and clays) have more than 50 percent of the material passing the No. 200 sieve.  Gravels 
and sands are typically described in relation to the particle size of the grains.  Silts and clays are 
typically described in relation to plasticity.  The primary constituents are identified considering 
grain-size distribution.  In addition to the primary constituent, other constituents which may affect 
the engineering properties of the soil should be identified.  Secondary constituents are generally 
indicated as modifiers to the principal constituent (e.g., sandy clay or silty gravel, etc.).  Other 
constituents can be included in the description using the terminology of ASTM D2488 through the 
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use of terms such as trace (<5%), few (5-10%), little (15-25%), some (30-45%), and mostly (50-
100%). 
 
6.2.1.7.1 Coarse-Grained Soils 
 
Coarse-grained soils are those soils with more than or equal to 50 percent by weight retained on 
or above the No. 200 sieve.  Coarse-grained soils divided into 2 categories, well- and poorly-
graded with the difference between well- and poorly-graded depending upon the Coefficient of 
Curvature (Cc) and the Coefficient of Uniformity (Cu).  Coarse-grained soils with a Cc between 1 
and 3 (1 ≤ Cc ≤ 3) and a Cu greater than or equal to 4 (Cu ≥ 4) are considered to be well-graded.  
Cc and Cu are determined using the following equations. 
 

  𝑪𝑪𝒄𝒄 = (𝑫𝑫𝟑𝟑𝟑𝟑)𝟐𝟐

[(𝑫𝑫𝟏𝟏𝟑𝟑)(𝑫𝑫𝟔𝟔𝟑𝟑)]                                           Equation 6-1 

 

   𝑪𝑪𝒖𝒖 = (𝑫𝑫𝟔𝟔𝟑𝟑)
(𝑫𝑫𝟏𝟏𝟑𝟑)

                                                Equation 6-2 

 
Where,  

D10 = Diameter of particle at 10% finer material, millimeters (mm) 
D30 = Diameter of particle at 30% finer material, mm 
D50 = Diameter of particle at 50% finer material, mm 
D60 = Diameter of particle at 60% finer material, mm 
D85 = Diameter of particle at 85% finer material, mm 
% Fines = Percent passing the No. 200 Sieve 

 
The D50 is the mean grain size and is used in scour analysis and is provided to the HEOR.  The 
D10 is also termed the effective size of the soil. The D85 is used in the design of geosynthetic 
filtration requirements.  The percent pass the No. 200 sieve is termed the fines content.  The D10, 
D30, D50, D60, D85 and percent fines shall be graphically determined, if the data is present.  If no 
data is present then the diameter at a specific percent finer shall be reported as unknown (UNK).   
 
The particle size for gravels and sands are provided in Table 6-6 and the adjectives used for 
describing the possible combinations of particle size are provided in Table 6-7. 
 

Table 6-6, Coarse-Grained Soil Constituents 
Soil Component Grain-size 

Gravel 
Coarse 
Fine 

 
3” to ¾” 

¾” to No. 4 sieve 
Sand 

Coarse (c) 
Medium (m) 
Fine (f) 

 
No. 4 to No. 10 sieve 

  No. 10 to No. 40 sieve 
No. 40 to No. 200 sieve 
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Table 6-7, Adjectives For Describing Size Distribution 
Particle-Size Adjective Abbreviation Size Requirements 

Coarse c < 30% m/f Sand or < 12% f Gravel 
Coarse to medium c/m < 12% f Sand 

Medium to fine m/f < 12% c Sand and > 30% m Sand 
Fine f < 30% m Sand or < 12% c Gravel 

Coarse to fine c/f > 12% of each size 
 
6.2.1.7.2 Fine-Grained Soils 
 
Fine-grained soils are those soils with more than 50 percent passing the No. 200 sieve.  Silt size 
particles range from the No. 200 Sieve (0.074 mm) to 0.002 mm (0.002 ≤ D ≤ 0.074).  Clays have 
particle sizes less than 0.002 mm.  These materials are defined using moisture-plasticity 
relationships that were developed in the early 1900’s by the Swedish soil scientist A. Atterberg.  
Atterberg developed 5 moisture-plasticity relationships, of which 3 are used in engineering 
practice and are known as the Atterberg Limits.   These limits are the shrinkage limit (SL), the 
plastic limit (PL) and the liquid limit (LL).  The SL is defined as the moisture content at which there 
is no additional volume change in soil sample with further reduction in moisture content and is the 
moisture content when a soil behaves as a solid.  The PL is defined as the moisture content at 
which a 1/8-inch diameter thread can be rolled out and at which the thread just begins to crumble 
and is the moisture content when soil begins behaving plastically.  The LL is the moisture content 
at which a soil will flow when dropped a specified distance and a specified number of times and 
is the moisture content when a soil begins behave as fluid-like material and begins to flow.  In 
addition, the plasticity index (PI) is the range between the liquid limit and the plastic limit (LL-PL).  
Figure 6-1 provides a chart indicating the relationship between increasing moisture content (X-
axis) and increasing volume (Y-axis).  The Plasticity Chart, Figure 6-2, is used to determine low 
and high plasticity and whether a soil will be Silt or Clay.  If the results of the LL and PI plot above 
or to the left of the “U” Line, the testing procedure and results should be checked.  Table 6-8 
provides the adjectives used to describe plasticity and the applicable plasticity range.   
 

 
Figure 6-1,   Moisture Content versus Volume Change 
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Because of the extremely hazardous nature of determining the SL (i.e., mercury is used), SL 
testing will typically not be performed.  If SL testing is required, contact the OES/GDS for 
concurrence on the proposed testing method and provide an explanation as to how the results of 
the testing will be used or benefit the project. 
 

 
Figure 6-2,   Plasticity Chart 

 
Table 6-8, Soil Plasticity Descriptions 

PI Range Adjective Dry Strength 
0 non-plastic none – crumbles into powder with mere pressure 

1 – 10 low plasticity low – crumbles into powder with some finger pressure 

11 – 20 medium plasticity medium – breaks into pieces or crumbles with 
considerable finger pressure 

21 – 40 high plasticity high – cannot be broken with finger pressure 

> 41 very plastic very high – cannot be broken between thumb and a hard 
surface 

 
6.2.1.8 Unified Soil Classification System (USCS) 
 
Dr. A. Casagrande developed the USCS for the classification of soils used to support Army Air 
Corps bomber bases.  This system incorporates textural (grain-size) characteristics into the 
engineering classification.  The system has 15 different potential soil classifications with each 
classification having a 2-letter designation.  The basic letter designations are listed in Table 6-9. 
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Table 6-9, Letter Designations 
Letter 

Designation Meaning Letter 
Designation Meaning 

G Gravel O Organic 
S Sand W Well-graded 

M Non-plastic or low 
plasticity fines (Silt) P Poorly-graded 

C Plastic fines (Clay) L Low liquid limit 
Pt Peat H High liquid limit 

 
The classification of soil is divided into 2 general categories, coarse-grained and fine-grained 
soils.  Coarse-grained soils (gravels and sands) have more than or equal to 50 percent (by weight) 
of the material retained on the No. 200 sieve, while fine-grained soils (silts and clays) have more 
than 50 percent of the material passing the No. 200 sieve.  Gravels and sands are typically 
described in relation to the particle size of the grains (See Section 6.2.1.7.1).  Silts and clays are 
typically described in relation to plasticity (see Section 6.2.1.7.2).   
 
In many soils, 2 or more soil types are present.  When the percentage of the minor soil type is 
equal to or greater than 30 percent and less than 50 percent of the total sample (by weight), the 
minor soil type is indicated by adding a “y” to its name; i.e., Sandy SILT, Silty SAND, Silty CLAY, 
etc.   
 
Figures 6-3, 6-4, 6-5, 6-6, and 6-7 provide the flow charts for the classification of coarse- and fine-
grained soils using the USCS.  See ASTM D2487 – Standard Practice for Classification of Soils 
for Engineering Purposes (Unified Soil Classification System). 
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Figure 6-3,   Group Symbol and Group Name Coarse-Grained Soils (Gravel) 

(Mayne, Christopher and DeJong (2002)) 
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Figure 6-4,   Group Symbol and Group Name for Coarse-Grained Soils (Sand)  

(modified Mayne, et al. (2002)) 
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Figure 6-5,   Group Symbol and Group Name for Fine-Grained Soils (LL ≥ 50) 

(Mayne, et al. (2002)) 
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Figure 6-6,   Group Symbol and Group Name for Fine-Grained Soils (LL < 50) 

(Mayne, et al. (2002))  
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Figure 6-7,   Group Symbol and Group Name for Organic Soils 
(Mayne, et al. (2002)) 
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6.2.1.9 AASHTO Soil Classification System (AASHTO) 
 
Terzaghi and Hogentogler originally developed this classification system for the U.S. Bureau of 
Public Roads in the late 1920s.  This classification system divides all soils into 8 major groups 
designated A-1 through A-8 (see Figures 6-8 and 6-9).  In this classification system, the lower the 
number the better the soil is for subgrade materials.  Coarse-grained soils are defined by groups 
A-1 through A-3, while groups A-4 through A-7 define the fine-grained soils.  Group A-4 and A-5 
are predominantly silty soils and group A-6 and A-7 are predominantly clayey soils.  Group A-8 
refers to peat and muck soils.  
 
Groups A-1 through A-3 have 35 percent or less passing the No. 200 sieve, while groups A-4 
through A-7 have more than 35 percent passing the No. 200 sieve.  The classification system is 
presented in Figure 6-9.  Table 6-10 indicates the gradation requirements used in the AASHTO 
classification system.  If a full grain-size analysis is not performed then the AASHTO soil 
classification system cannot be used. 
 

Table 6-10, AASHTO Gradation Requirements 
Soil Component Grain-size 

Gravel between 3” to No. 10 
Sand between No. 12 to No. 200 

Silt and Clay less than No. 200 
 
For soils in Groups A-2, A-4, A-5, A-6 and A-7 the plasticity of the fines is defined in Table 6-11. 
 

Table 6-11, AASHTO Plasticity Requirements 
Soil Component Plasticity Index 

Silty ≤ 10% 
Clayey ≥ 11% 

 
To evaluate the quality of a soil as a highway subgrade material, a number called the Group Index 
(GI) is incorporated with the groups and subgroups of the soil.  The GI is written in parenthesis 
after the group or subgroup designation and is determined by the following equation: 
 

Equation 6-3 
𝑮𝑮𝑮𝑮 = (𝑭𝑭 − 𝟑𝟑𝟑𝟑)[𝟑𝟑.𝟐𝟐 + 𝟑𝟑.𝟑𝟑𝟑𝟑𝟑𝟑(𝑳𝑳𝑳𝑳 − 𝟒𝟒𝟑𝟑)] + 𝟑𝟑.𝟑𝟑𝟏𝟏(𝑭𝑭− 𝟏𝟏𝟑𝟑)(𝑷𝑷𝑮𝑮 − 𝟏𝟏𝟑𝟑)          

 
Where: 
 F = percent passing No. 200 sieve (in percent) 
 LL = Liquid Limit 
 PI = Plasticity Index 
 
Listed below are some rules for determining the GI: 
 

• If the equation yields a negative value for the GI, use zero; 
• Round the GI to the nearest whole number, using proper rules of rounding; 
• For the upper limit of GI see Figure 6-9; 
• Groups A-1-a, A-1-b, A-2-4, A-2-5, and A-3, will always have a GI of zero; 
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• The GI for groups A-2-6 and A-2-7 is calculated using the following equation: 
 

 𝑮𝑮𝑮𝑮 = 𝟑𝟑.𝟑𝟑𝟏𝟏(𝑭𝑭 − 𝟏𝟏𝟑𝟑)(𝑷𝑷𝑮𝑮 − 𝟏𝟏𝟑𝟑)                            Equation 6-4 
 
Figure 6-7 provides the range of liquid limit and plasticity index for group A-2 to A-7 soils. 
 

 
Figure 6-8,   Range of LL and PI for Soils in Groups A-2 through A-7 

(modified from Mayne, et al. (2002)) 
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Figure 6-9,   AASHTO Soil Classification System 

(Mayne, et al. (2002)) 
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6.2.1.10 Organic Soil Classifications 
 
Organic soils may be typically identified as having a distinctive odor, color (dark brown or gray to 
black) and potentially visible organic matter (i.e., small or fine roots, or other small organic matter).  
In addition, organic soils also have the ability to retain water which results in high water contents, 
high primary and secondary consolidation settlement, low to minimal shearing capacity and the 
potential for having an aggressive electro-chemical response.  Huang, Patel, Santagata, and 
Bobet (2009) proposed the classification system indicated in Table 6-12. 
 

Table 6-12, Organic Soil Classification 
(Huang, et al. (2009)) 

Organic Content (%) Soil Designation 
≤ 3 Mineral Soil 

3 to ≤ 15 Mineral Soil with Organic Matter 
15 to ≤ 30 Organic Soil 

> 30 Highly Organic Soil (Peat) 
 
Classify all soils in accordance with both the USCS and AASHTO soil classification systems.  In 
addition to the standard soil classification designations, if the soil has between 3 and 15 percent 
organics add an “O” to the end of the classification designation (e.g., CL-O (lean CLAY with 
organics) or A-7-6-O).  If the organic content is greater than 15 but less than or equal to 30 
percent, add a prefix “O” before the designation (e.g., O-CL (organic lean CLAY) or O-A-7-6).  For 
soils with more than 30 percent organics follow the requirements of the USCS or AASHTO soil 
classification systems for determining the soil classification designation as well as the naming 
nomenclature.  However, Peat soils will typically have more than 50 percent fiber content and 
specific gravity less than 1.7 with very high moisture contents (> 500%). 
 
6.2.1.11 Soil Electro-Chemical Classifications 
 
Electro-chemical testing is required for soil and water samples collected from project sites, in 
accordance with the requirements contained in Chapter 5 so that appropriate materials may be 
used on the project. Electro-chemical testing consists of pH, resistivity and sulfate and chloride 
contents. The aggressiveness or non-aggressiveness of a site shall be determined using Table 7-
34. In addition, to the electro-chemical tests, the location of the ground water table should also 
be noted. Fluctuations in the ground water table may lead to aggressive soil environments by 
allowing increased oxygen content around the foundation. The results of all electro-chemical 
testing shall be reported to the SEOR and project team for their consideration in the design of 
the structure.  
 
 
6.2.1.12 Other Pertinent Information 
 
Additional information that adds to the description of the soil may be included.  This information 
should enhance the soil description.  This may include the geologic formation to which the soil 
belongs.  The determination and designation of geologic formations is the responsibility of the 
GEOR and not the GEC providing the field and laboratory services.  The depth to ground water 
at both the time of boring and approximately 24 hours after drilling are required to be indicated on 
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the Soil Test Boring Log.  In some cases the borehole collapses prior to obtaining the ground 
water reading.  The depth of caving shall be indicated on the Soil Test Boring Log.  For Sand-Like 
soils the caved depth may be interpreted as the depth of ground water.  In Clay-Like soils the 
depth to ground water may be interpreted as possibly within 3 or 4 feet above or below the caved 
depth.  The Soil Test Boring Log should also indicate if artesian conditions are encountered and 
what the estimated artesian head is. 
 
6.2.2 Cone Penetrometer Test 
 
The Cone Penetrometer Test shall be conducted in accordance with Chapter 5.  The 
penetrometer data is plotted showing the tip stress (qt – corrected), the friction resistance (fs – 
measured), the friction ratio (Rf) and the pore pressures vs. depth (see Figure 6-24).    Typically, 
the cone penetrometers used in South Carolina have a porous element located just behind the 
cone tip (shoulder) as depicted in Figure 6-10.  Prior to using a cone penetrometer with a different 
porous element location, approval shall be obtained from the OES/GDS.  In addition, to the plotted 
penetrometer data, the GEC shall provide to the RPG/GDS an electronic file in Excel® format 
providing the following data in the order shown: 
 

1. Depth, feet 
2. qc – Uncorrected/measured tip resistance, tons per square foot (tsf) 
3. fs – Measured friction resistance, tsf 
4. u2 – Pore pressure behind tip, tsf 
5. u0 – Hydrostatic pore pressure, tsf 
6. qt – Corrected tip resistance (see Equation 6-5), tsf 
7. Rf – Friction ratio (see Equation 6-6), percent 
8. σvo – Total overburden stress, tsf 
9. σ’vo – Effective overburden stress, tsf 
10. Bq – Pore pressure parameter, dimensionless (see Equation 7-15) 
11. QT – Normalized tip resistance, dimensionless (see Equation 7-13) 
12. FR – Normalized sleeve resistance, dimensionless (see Equation 7-14) 
13. Ic – Soil behavior type, dimensionless (see Equation 7-17) 
14. Zone # corresponding to Ic, dimensionless (see Figure 6-11 and Table 6-12) 
15. N60 – Estimated N-value at 60 percent energy, bpf (see Equation 7-21) 
16. Nk – Cone factor as known as Nkt, dimensionless 
17. (Su)cpt – Undrained shear strength, pounds per square foot (psf) (see Equation 7-33) 
18. φ’ – Effective friction angle, degree (see Equation 7-46) 
19. St – Sensitivity, dimensionless (see Equation 7-40) 
20. Vs – Shear wave velocity, feet per second (fps) (if measured) 
21. Vp – Compression wave velocity, feet per second (fps) (if measured) 

 
The Excel® spreadsheet shall also include in the heading the following information: 
 

1. SCDOT Project Number 
2. Project Name 
3. Station 
4. Offset including right or left 
5. Latitude 
6. Longitude 
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7. Elevation (NAVD 88) 
8. Any other information that identifies the project 

 
Further the GEC shall indicate the equations used for all normalized parameters and correlations 
and how u0, σvo and σ’vo were determined.  The correlations shall conform to the requirements of 
Chapter 7.   

 
Figure 6-10,   Standard Electro-Piezocone 

(Mayne, et al. (2002)) 
 

𝒒𝒒𝒕𝒕 = 𝒒𝒒𝒄𝒄 + (𝟏𝟏 − 𝒂𝒂𝒏𝒏) ∗ 𝒖𝒖𝟐𝟐                                        Equation 6-5 
 

𝑹𝑹𝒇𝒇 = 𝒇𝒇𝒔𝒔
𝒒𝒒𝒕𝒕
∗ (𝟏𝟏𝟑𝟑𝟑𝟑%)                                                Equation 6-6 

 
Where: 
 an = Net area ratio developed from calibration testing 
  
Provide the an value used to compute the corrected tip resistance and the cone factor (Nk) used 
to compute the undrained shear strength in the Excel® spreadsheet.  Similarly to Soil Test 
Borings, the CPT can be used to classify the soils at a site.  However, the classification is based 
on soil behavior rather than grain-size and plasticity and the various classification systems yield 
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a Soil Behavior Type (SBT or Ic) rather than a USCS soil type.  The basic classification is between 
coarse-grained and fine-grained soils, the differences are indicated below: 
 

1. Coarse-grained 
a. High end resistance, tip stress, (qc) 
b. Low Friction Ratio, (Rf) 
c. Low pore pressure, (u2) 

2. Fine-grained 
a. Low end resistance, tip stress, (qc) 
b. High Friction Ratio, (Rf) 
c. High pore pressure, (u2) 

 
Soil classifications are based on the relationship between normalized Friction Ratio (FR (Fr in 
Figure 6-11)) and normalized tip resistance (Qt (Qtn in Figure 6-11)) as shown in Figure 6-11.  
Table 6-13 provides the description of the soils by zone as well as the Ic for each zone.  Similarly 
to Soil Test Borings, the relative density and/or consistency can be assigned to a soil layer.  The 
relative density and/or consistency is based on the corrected tip resistance (qt).  Table 6-14 
provides the relative density/consistency versus correct tip resistance. 
 

 
Figure 6-11,   Normalized CPT Soil Behavior Chart Using QT versus FR 

 (Robertson and Cabal (2015)) 
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Table 6-13, CPT Soil Behavior Type 
(Robertson and Cabal (2015)) 

Soil Behavior Type 

Zone # Description Ic 
Min Max 

1 Sensitive, fine-grained N/A 
2 Organic soils – peats ≥ 3.6 
3 Clays – Silty Clay to Clay 2.95 3.59 
4 Silt mixtures – Clayey Silt to Silty Clay 2.60 2.94 
5 Sand mixtures – Silty Sand to Sandy Silt 2.05 2.59 
6 Sands – clean Sand to Silty Sand 1.31 2.04 
7 Gravelly Sand to dense Sand ≤ 1.30 
8 Very stiff Sand to Clayey Sand (high OCR or cemented) N/A 
9 Very stiff, fine-grained (high OCR or cemented) N/A 

 
Table 6-14, CPT Relative Density / Consistency Terms 

Relative Density1,2 Consistency1,3 

Descriptive 
Term 

Relative 
Density 

qt4 
(tsf) 

Descriptive 
Term 

qt4 
(tsf) 

Very Loose 0 to 15% ≤ 50 Very Soft ≤ 5 
Loose 16 to 35% 51 to 100 Soft to Firm 6 to 15 

Medium Dense 36 to 65% 101 to 150 Stiff 16 to 30 
Dense 66 to 85% 151 to 200 Very Stiff 31 to 60 

Very Dense 86 to 100% ≥ 201 Hard ≥ 61 
1For Classification only, not for design 

2Applies to coarse-grained soils (major portion retained on No. 200 sieve) 
3Appiles to fine-grained soils (major portion passing No. 200 sieve) 

4Corrected Tip Resistance 
 
6.2.3 Dilatometer Test 
 
The Dilatometer Test (DMT) shall be conducted in accordance with Chapter 5.   In addition, to the 
plotted dilatometer data (see Figure 6-25); the GEC shall provide to the RPG/GDS an electronic 
file in Excel® format providing the following data in the order shown (1 bar ≈ 1 tsf): 
 

1. Depth, feet 
2. A-pressure, bars 
3. B-pressure, bars 
4. C-pressure, bars 
5. ΔA – Corrections from membrane calibration, bars 
6. ΔB – Corrections from membrane calibration, bars 
7. p0 – Corrected A-pressure (see Equation 6-7), bars 
8. p1 – Corrected B-pressure (see Equation 6-8), bars 
9. p2 – Corrected C-pressure (see Equation 6-9), bars 
10. ZM – Pressure gauge reading when vented to atmospheric pressure, bars 
11. qd – Corrected thrust required to insert dilatometer, tons 
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12. σvo – Total overburden stress, tsf 
13. σ’vo – Effective overburden stress, tsf 
14. u0 – Equilibrium pore pressure, tsf 
15. ID – Material index (soil type), dimensionless 
16. KD – Horizontal stress index, dimensionless 
17. ED – Dilatometer Modulus, bars 
18. UD – Pore Pressure Index, dimensionless 
19. (Su)DMT – Undrained shear strength, psf 

 
The Excel® spreadsheet shall also include in the heading the following information: 
 

1. SCDOT Project Number 
2. Project Name 
3. Station 
4. Offset including right or left 
5. Latitude 
6. Longitude 
7. Elevation 
8. Any other information that identifies the project 

 
Further the equations for determining the previous correlations shall be indicated.  The GEC shall 
also indicate how σvo and σ’vo were determined.  The correlations shall conform to the 
requirements of Chapter 7.  Through developed correlations (see Chapter 7), information can be 
deduced concerning material type, pore water pressure, in-situ horizontal and vertical stresses, 
void ratio or relative density, modulus, shear strength parameters, and consolidation parameters.   
 
Where: 

p0 – Corrected A-pressure 
 

𝒑𝒑𝟑𝟑 = 𝟏𝟏.𝟑𝟑𝟑𝟑 ∗ (𝑨𝑨 − 𝒁𝒁𝑴𝑴 + ∆𝑨𝑨) − 𝟑𝟑.𝟑𝟑𝟑𝟑 ∗ (𝑩𝑩− 𝒁𝒁𝑴𝑴 − ∆𝑩𝑩)        Equation 6-7 
 
 p1 – Corrected B-pressure 
 

𝒑𝒑𝟏𝟏 = (𝑩𝑩− 𝒁𝒁𝑴𝑴 − ∆𝑩𝑩)                                       Equation 6-8 
 
 p2 – Corrected C-pressure (u0 – Equilibrium pore pressure) 
 

𝒖𝒖𝟑𝟑 = 𝒑𝒑𝟐𝟐 = (𝑪𝑪 − 𝒁𝒁𝑴𝑴 + ∆𝑨𝑨)                                   Equation 6-9 
 
Similarly to CPT, the DMT can be used to classify the soils at a site based on behavior.  Soil 
classifications are based on the material index (ID) as indicated in Table 6-15. 
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Table 6-15, DMT Material Index 
(Marchetti, et al. (2001)) 

Soil Type Material Index, (ID) 
Min Max 

Clay 0.1 0.6 
Silt 0.6 1.8 

Sand ≥ 1.8 
 
Another general indicator of soil type is the pore pressure index (UD).  A UD of between 0.0 and 
approximately 0.2 indicates that the soils are “free-draining”.  “Free-draining” (permeable) soils 
are typically coarse-grained (i.e., clean sands and gravels) soils.  Impermeable soils are typically 
fine-grained (clays (lean and fat) and elastic silts) soils and have a UD of 0.7 or greater.  Soils with 
a UD between 0.2 and 0.7 have an intermediate permeability.  A wide range of soils can have an 
intermediate permeability.  UD provides a general indication of soil type and is not considered 
exact; therefore, UD should be used in conjunction with ID to determine soil type. 
 
6.3 ROCK DESCRIPTION AND CLASSIFICATION 
 
Rock descriptions should use technically correct geologic terms, although accepted local 
terminology may be used provided the terminology helps to describe distinctive characteristics.  
Rock cores shall be logged when wet for consistency of color description and greater visibility of 
rock features.  Geologists classify all rocks according to their origin and into 3 distinctive types as 
indicated in Table 6-16.  All 3 rock types are found here in South Carolina: igneous rocks are 
found in the Piedmont region, metamorphic rocks are found in the Piedmont and Blue Ridge 
regions, and sedimentary rocks are found in the Coastal Plain.  The Department uses both the 
geological history as well as the engineering properties to describe rock materials. 
 

Table 6-16, Rock Classifications 
Rock Type Definition 

Igneous Derived from molten material 

Metamorphic Derived from preexisting rocks due to heat, 
fluids, and/or pressure. 

Sedimentary Derived from settling, depositional, or 
precipitation processes 

 
The geologic conditions of South Carolina have a direct bearing on the activities of SCDOT.  This 
is because the geological history of a rock will determine its mechanical behavior.  Therefore, 
construction costs for a project, especially a new project with substantial foundation construction, 
are frequently driven by geological, subsurface factors.  It is for this reason that much of the initial 
site investigation for a project requiring foundation work focuses on mechanical behavior of the 
subsurface materials within the construction limits.  A detailed geologic description shall include 
the following items, in order: 
 

1. Rock Type 
2. Rock Color 
3. Grain-Size and Shape 
4. Texture (stratification/foliation) 
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5. Mineral Composition 
6. Weathering and Alteration 
7. Strength 
8. Rock Discontinuity 
9. Rock Fracture Description 
10. Other pertinent information 
11. Geologic Strength Index 
12. Rock Mass Rating 

 
In addition to the above information being included on the boring record, a photographic log of 
the cores shall also be provided.  The photographic log shall be obtained in the field upon 
completion of the specific core run.  The top and bottom of each individual core run shall be clearly 
labeled.  The label shall include the top and bottom depth of each core run as well as the core run 
number.  A tape measure or ruler shall be placed cross the top or bottom edge of the core box to 
provide a scale for the photograph.  The ruler shall be large enough and provide enough contrast 
to allow for differentiation between the markings on the ruler.  All breaks that occur during coring 
or are required to fit the core run into the core box shall be indicated to be mechanical breaks. 
 
Rock Quality Designation (RQD) is used to indicate the quality of the rock and is frequently 
accompanied with descriptive words.  It is always expressed as a percent.  Percent recovery can 
be greater than 100 percent if the core from a prior run is recovered during a later run.  Figure 6-
12 further illustrates the determination of the RQD. 
 
In addition, rock may be classified as soft, weathered or hard based on the shear wave velocity 
(Vs) for use in seismic design.  Provided in Table 6-17 are the rock definitions to be used in seismic 
designed based on the Vs of the rock.  Please note these are approximations and are not to be 
used to determine shear strength of the rock, but instead are intended as a guide for use in 
seismic design. 
 

Table 6-17, Rock Classifications for Seismic Design 

Definition Vs 
(ft/s) 

Soft ≤ 2,500 to < 8,200 
Weathered ≤ 8,200 to < 11,500 

Hard ≤ 11,500 
 
6.3.1 Rock Type 
 
The rock type shall be identified by either a licensed geologist or geotechnical engineer with a 
minimum of 4 years of experience classifying rock.  Rocks are classified according to origin into 
the 3 major groups: igneous, sedimentary and metamorphic.  These groups are subdivided into 
types based on mineral and chemical composition, texture, and internal structure. 
 
6.3.1.1 Igneous 
 
Intrusive, or plutonic, igneous rocks have coarse-grained (large, intergrown crystals) texture and 
are believed to have been formed below the earth’s surface.  Granite and gabbro are examples 
of intrusive igneous rocks found in South Carolina.  Extrusive, or volcanic, igneous rocks have 
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fine-grained (small crystals) texture and have been observed to form at or above the earth’s 
surface.  Basalt and tuff are examples of an extrusive igneous rocks found in South Carolina.  
Pyroclastic igneous rocks are the result of a volcanic eruption and the rapid cooling of lava, 
examples of this type of rock are pumice and obsidian.  Pyroclastic igneous rocks are not native 
to South Carolina. 
 
6.3.1.2 Metamorphic 
 
Metamorphic rocks result from the addition of heat, fluid, and/or pressure applied to preexisting 
rocks.  This rock is normally classified into 3 types, strongly foliated, weakly foliated, and 
nonfoliated.  Foliation refers to the parallel, layered minerals orientation observed in the rock.  
Schist is an example of a strongly foliated rock.  Gneiss (pronounced “nice”) is an example of a 
weakly foliated rock, while marble is an example of a nonfoliated rock.  Schist, gneiss, slate and 
marble are metamorphic rocks found in South Carolina.   
 
6.3.1.3 Sedimentary 
 
Sedimentary rocks are the most common form of rock and are the result of weathering of other 
rocks and the deposition of the rock sediment and soil.  Sedimentary rocks are classified into 3 
groups called clastic, chemical, and organic.   Clastic rocks are composed of sediment (from 
weathering of rock or erosion of soil).  Mudstone and sandstone are examples of clastic 
sedimentary rock found in South Carolina.  Chemical sedimentary rocks are formed from 
materials carried in solution into lakes and seas.  Limestone, dolomite, and halite are examples 
of this type of sedimentary rock.  Organic sedimentary rocks are formed from the decay and 
deposition of organic materials in relatively shallow water bodies.  Examples of organic 
sedimentary rocks are chalk, shale, coal, and coquina.  Coquina is found within South Carolina. 
 
6.3.2 Rock Color 
 
The color of the rock shall be determined using the Munsell Color Chart and shall be described 
while the rock is still at or near the in-situ moisture condition.  The Munsell color designation shall 
be provided at the end of the rock description. 
 
6.3.3 Grain-size and Shape 
 
Grain-size is dependent on the type of rock as described previously; sedimentary rocks will have 
a different grain-size and shape, when compared to igneous rocks.  Metamorphic rocks may or 
may not display relict grain-size of the original parent rock.  The grain-size description should be 
classified using the terms presented in Table 6-18.  Angularity is a geologic property of particles 
and is also used in rock classification.  Table 6-19 shows the grain shape terms and 
characteristics used for sedimentary rocks. 
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Table 6-18, Grain-size Terms 

Description Diameter (mm) Characteristic 
Very coarse-

grained > 4.75 Grain-sizes greater than popcorn kernels 

Coarse-grained 2.00 – 4.75 Individual grains easy to distinguish by eye 
Medium grained 0.425 – 2.00 Individual grains distinguished by eye 

Fine-grained 0.075 – 0.425 Individual grains distinguished with difficulty 

Very fine-grained < 0.075 Individual grains cannot be distinguished by unaided 
eye 

 
Table 6-19, Grain Shape Terms for Sedimentary Rocks 

Description Characteristic 

Angular Shows little wear; edges and corners are sharp, secondary corners are 
numerous and sharp 

Subangular 
Shows definite effects of wear; edges and corners are slightly rounded 
off; secondary corners are less numerous and less sharp than angular 

grains 

Subrounded Shows considerable wear; edges and corners are rounded to smooth 
curves; secondary corners greatly reduced and highly rounded 

Rounded Shows extreme wear; edges and corners smoother to broad curves; 
secondary corners are few and rounded 

Well-rounded Completely worn; edges and corners are not present; no secondary 
edges 

 
6.3.4 Texture (stratification/foliation) 
 
Significant nonfracture structural features should be described.  Stratification refers to the layering 
effects within sedimentary rocks, while foliation refers to the layering within metamorphic rocks.  
The thickness of the layering should be described using the terms of Table 6-20.  The orientation 
of the stratification/foliation should be measured from the horizontal with a protractor. 
 

Table 6-20, Stratification/Foliation Thickness Terms 
Descriptive Term Layer Thickness 

Very Thickly Bedded >1.0 m 
Thickly Bedded 0.5 to 1.0 m 
Thinly Bedded 50 to 500 mm 

Very Thinly Bedded 10 to 50 mm 
Laminated 2.5 to 10 mm 

Thinly Laminated <2.5 mm 
 

6.3.5 Mineral Composition 
 
The mineral composition shall be identified by a geologist or geotechnical engineer based on 
experience and the use of appropriate references.  The most abundant mineral should be listed 
first, followed by minerals in decreasing order of abundance.  For some common rock types, 
mineral composition need not be specified (e.g., dolomite and limestone). 
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6.3.6 Weathering and Alteration 
 
Weathering as defined here (see Table 6-21) is due to physical disintegration of the minerals in 
the rock by atmospheric processes while alteration is defined here as due to geothermal 
processes. 
 

Table 6-21, Weathering/Alteration Terms 
Description Recognition 

Residual Soil 
Original minerals of rock have been entirely decomposed to 
secondary minerals, and original rock fabric is not apparent; 

material can be easily broken by hand 

Completely Weathered / 
Altered 

Original minerals of rock have been almost entirely decomposed to 
secondary minerals, although the original fabric may be intact; 

material can be granulated by hand 

Highly Weathered / 
Altered 

More than half of the rock is decomposed; rock is weakened so 
that a minimum 1-7/8 inch diameter sample can be easily broken 

readily by hand across rock fabric 

Moderately Weathered / 
Altered 

Rock is discolored and noticeably weakened, but less than half is 
decomposed; a minimum 1-7/8 inch diameter sample cannot be 

broken readily by hand across rock fabric 
Slightly Weathered / 

Altered 
Rock is slightly discolored, but not noticeably lower in strength 

than fresh rock 

Fresh Rock shows no discoloration, loss of strength, or other effect of 
weathering / alteration 

 
6.3.7 Strength 
 
Table 6-22 presents guidelines for common qualitative assessment of strength while mapping or 
during primary logging of rock cores at the site by using a geologic hammer and pocketknife.  The 
field estimates should be confirmed where appropriate by comparisons with selected laboratory 
test. 

Table 6-22, Rock Strength Terms 

Description Recognition 
Approximate Uniaxial 
Compressive Strength 

(psi) 
Extremely Weak Rock Can be indented by thumbnail 35 – 150 

Very Weak Rock Can be peeled by pocket knife 150 –700 

Weak Rock Can be peeled with difficulty by pocket 
knife 700 – 3,500 

Medium Strong Rock Can be indented 3/16 inch with sharp end 
of pick 3,500 – 7,200 

Strong Rock Requires one hammer blow to fracture 7,200 – 14,500 
Very Strong Rock Requires many hammer blows to fracture 14,500 – 35,000 
Extremely Strong 

Rock Can only be chipped with hammer blows > 35,000 
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A popular classification system based on quantifying discontinuity spacing is known as the RQD 
(see ASTM D6032 – Standard Test Method for Determining Rock Quality Designation (RQD) of 
Rock Core).  RQD is illustrated in Figure 6-12 and is defined as the total combined length of all 
the pieces of the intact core that are longer than twice the diameter of the core (normally 2 inches) 
recovered during the core run divided by the total length of the core run (e.g., the summation of 
rock pieces greater than 4 inches in length is 4 feet for a 5-foot run indicating an RQD of 80 
percent).  The RQD can be used to describe the quality of the rock as indicated in Table 6-23.  
An additional qualitative measure of rock strength is the time to advance the core barrel.  The 
time should be recorded as minutes per foot and should only include the time spent actually 
advancing the core barrel into the rock mass. 
 

Table 6-23, Rock Quality Description Terms 
Description RQD 

Very poor 0 - 25% 
Poor 26% - 50% 
Fair 51% - 75% 

Good 76% - 90% 
Excellent 91% - 100% 

 
The scratch hardness test can also be used to provide an indication of the hardness of a rock 
sample.  The terms to describe rock hardness are provided in Table 6-24. 
 

Table 6-24, Rock Hardness Terms 
Description Characteristic 

Soft (S) Plastic materials only 
Friable (F) Easily crumbled by hand, pulverized or reduced to powder 

Low Hardness (LH) Can be gouged deeply or carved with a pocketknife 
Moderately Hard (MH) Can be readily scratched by a knife blade 

Hard (H) Can be scratched with difficulty 
Very Hard (VH) Cannot be scratched by pocketknife 
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Figure 6-12,   RQD Determination 

(Mayne, et al., 2002) 
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6.3.8 Rock Discontinuity 
 
Discontinuity is the general term for any mechanical crack or fissure in a rock mass having no or 
low tensile strength.  It is the collective term for most types of joints, weak bedding planes, weak 
schistosity planes, weakness zones, and faults.  The symbols recommended for the type of rock 
mass discontinuities are listed in Table 6-25. 
 

Table 6-25, Discontinuity Type 
Symbol Description 

F Fault 
J Joint 

Sh Shear 
Fo Foliation 
V Vein 
B Bedding 

 
The spacing of discontinuities is the perpendicular distance between adjacent discontinuities.  The 
spacing is measured in feet, perpendicular to the planes in the set.  Table 6-26 presents guidelines 
to describe discontinuity. 
 

Table 6-26, Discontinuity Spacing 
Symbol Description 

EW Extremely Wide (> 65 feet) 
W Wide (22 – 65 feet) 
M Moderate (7.5 – 22 feet) 
C Close (2 – 7.5 feet) 

VC Very Close (< 2 feet) 
 
The discontinuities should be described as closed, open, or filled.  Aperture is used to describe 
the perpendicular distance separating the adjacent rock walls of an open discontinuity in which 
the intervening space is air or water filled.  Width is used to describe the distance separating the 
adjacent rock walls of filled discontinuities.  The terms presented in Table 6-27 and Table 6-28 
should be used to describe apertures and widths, respectively.  Terms such as “wide”, “narrow”, 
and “tight” are used to describe the width of discontinuities such as thickness of veins, fault gouge 
filling, or joint openings.  For the faults or shears that are not thick enough to be represented on 
the soil test boring log, the measured thickness is recorded numerically in millimeters (mm). 
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Table 6-27, Aperture Size Discontinuity Terms  
Aperture Opening Description 

<0.1 mm Very tight Closed 
Features 0.1 – 0.25 mm Tight 

0.25 – 0.5 mm Partly open 
0.5 – 2.5 mm Open Gapped 

Features 2.5 – 10 mm Moderately open 
>10 mm Wide 

1 – 10 cm Very wide Open 
Features 10 – 100 cm Extremely wide 

>1m Cavernous 
 

Table 6-28, Discontinuity Width Terms 
Symbol Description 

W Wide (12.5 – 50 mm) 
MW Moderately Wide (2.5 – 12.5 mm) 
N Narrow (1.25 – 2.5 mm) 

VN Very Narrow (<1.25 mm) 
T Tight (0 mm) 

 
In addition to the above characterizations, discontinuities are further characterized by the surface 
shape of the joint and the roughness of its surface (see Tables 6-29 and 6-30). 
 

Table 6-29, Surface Shape of Joint Terms 
Symbol Description 

Wa Wavy 
Pl Planar 
St Stepped 
Ir Irregular 

 
Table 6-30, Surface Roughness Terms 

Symbol Description 
Slk Slickensided (surface has smooth, glassy finish with visual evidence of 

striations) 
S Smooth (surface appears smooth and feels so to the touch) 

SR Slightly Rough (asperities on the discontinuity surfaces are distinguishable and 
can be felt) 

R Rough (some ridges and side-angle steps are evident; asperities are clearly 
visible, and discontinuity surface feels very abrasive) 

VR Very Rough (near-vertical steps and ridges occur on the discontinuity surface) 
 

Filling is the term for material separating the adjacent rock walls of discontinuities.  Filling is 
characterized by its type, amount, width (i.e., perpendicular distance between adjacent rock walls 
(see Table 6-28)), and strength.  Table 6-31 presents guidelines for characterizing the amount of 
filling. 
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Table 6-31, Filling Amount Terms 
Symbol Description 

Su Surface Stain 
Sp Spotty 
Pa Partially Filled 
Fi Filled 
No None 

 
6.3.9 Rock Fracture Description 
 
The location of each naturally occurring fracture and mechanical break should be shown in the 
fracture column of the rock core log.  The naturally occurring fractures are numbered and 
described using the terminology presented above for discontinuities. 
 
The naturally occurring fractures and mechanical breaks are sketched in the drawing column of 
the Soil Test Log (see Figures 6-19 and 6-20).  Dip angles of fractures shall be measured using 
a protractor and marked on each log.  If the rock is broken into many pieces less than 1 inch long, 
the log may be crosshatched in that interval or the fracture may be shown schematically.  Strike 
(dip orientation or direction (i.e., north, south, etc.)) should be estimated based on rock cores, 
local outcrops, and geologic experience in the immediate area. 
 
The number of naturally occurring fractures observed in each 1 foot of core should be recorded 
in the fracture frequency column.  Mechanical breaks, thought to have occurred due to drilling, 
are not counted.  The following criteria can be used to identify natural breaks: 
 

• A rough brittle surface with fresh cleavage planes in individual rock minerals indicates 
an artificial fracture. 

• A generally smooth or somewhat weathered surface with soft coating or infilling 
materials, such as talc, gypsum, chlorite, mica, or calcite obviously indicates a natural 
discontinuity. 

• In rocks showing foliation, cleavage, or bedding it may be difficult to distinguish 
between natural discontinuities and artificial fractures when these are parallel with the 
incipient weakness planes.  If drilling has been carried out carefully, then the 
questionable breaks should be counted as natural features, to be on the conservative 
side. 

• Depending upon the drilling equipment, part of the length of core being drilled may 
occasionally rotate with the inner barrels in such a way that grinding of the surfaces of 
discontinuities and fractures occur.  In weak rock types, it may be very difficult to 
decide if the resulting rounded surfaces represent natural or artificial features.  When 
in doubt, the conservative assumption should be made; i.e., assume that the 
discontinuities are natural. 

 
For projects where knowledge of fractures and strike and dip are important, the GEOR may 
consider the use of the acoustic televiewer (see Chapter 5 for a description) to obtain this 
information. 
 
The results of core logging (frequency and RQD) can be strongly time dependent and moisture 
content dependent in cases of certain varieties of shales and mudstones having relatively weakly 
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developed diagenetic bonds.  A frequent problem is “discing”, in which an initially intact core 
separates into discs on incipient planes, the process becoming noticeable perhaps within minutes 
of core recovery.  This phenomenon is experienced in several different forms: 

 
• Stress relief cracking (and swelling) by the initially rapid release of strain energy in cores 

recovered from areas of high stress, especially in the case of shaley rocks. 
• Dehydration cracking experienced in the weaker mudstones and shales which may reduce 

RQD from 100 percent to 0 percent in a matter of minutes, the initial integrity possibly 
being due to negative pore pressure. 

• Slaking cracking experienced by some of the weaker mudstones and shales when 
subjected to wetting and drying. 

 
All these phenomena may make core logging of fracture frequency and RQD unreliable.  
Whenever such conditions are anticipated, cores shall be logged by an experienced geologist or 
geotechnical engineer as it is recovered and at subsequent intervals when the phenomenon is 
predicted.   
 
6.3.10 Other Pertinent Information 
 
Additional information that adds to the description of the rock may be included.  This may include 
the geologic formation to which the rock belongs.  This information should enhance the 
description. 
 
6.3.11 Geological Strength Index 
 
In the prior versions of this Manual (Version 1.0 and 1.1) the Rock Mass Rating (RMR) was 
determined and used in the development of the Hoek-Brown criteria used in rock design.  In the 
most recent version of the Hoek-Brown criteria (Hoek, Carranza-Torres and Corkum (2002)), 
RMR has been replaced by the Geological Strength Index (GSI) classification system.  However, 
the RMR shall still also be determined.  According to Marinos, Marinos and Hoek (2005): 
 

This index (GSI) is based upon an assessment of the lithology, structure and 
condition of discontinuity surfaces in the rock mass and it is estimated from visual 
examination of the rock mass exposed in outcrops, in surface excavations such as 
road cuts and in tunnel faces and borehole cores.  The GSI, by combining the two 
fundamental parameters of the geological process, the blockiness of the mass and 
the conditions of the discontinuities, respects the main geological constraints that 
govern a formation and is thus a geologically sound index that is simple to apply 
in the field. 
 

The use of GSI is only applicable to rock masses whose behavior is controlled by the overall mass 
response and not by failure along pre-existing structural discontinuities.  Rock mass is used to 
describe the system comprised of intact rock, the consolidated and cemented assemblage of 
mineral particles, and discontinuities, joints, bedding planes, minor faults, or other recurrent planar 
features.  Intact rock characteristics are determined from index and laboratory tests on core 
samples, while the rock mass properties are estimated from intact rock properties plus the 
characteristics of discontinuities. 
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Figure 6-13 provides the chart for determining GSI from rock core samples or exposed outcrops 
on a site.  The GSI is estimated based on, first, the structure of the rock mass and second, on the 
condition of the rock surfaces.  Combining the rock type and the uniaxial compressive 
(unconfined) strength of intact (qu) with the GSI provides a practical means to assess rock mass 
strength and modulus for foundation design.   
  

 
Figure 6-13,   GSI Determination 

(Brown, Turner and Castelli (2010)) 
 
Marinos, et al. (2005) have identified some limitations to the use of the GSI.  The GSI classification 
system should only be applied to those rock masses that are isotropic (i.e., behavior of the rock 
mass is independent on loading direction).  If a clearly defined dominant structural orientation is 
present (i.e., slate or bedded shales) then the GSI classification system shall not be used.  The 
exception is in slope stability: if the bedding planes are oriented 90° to the slope (i.e., the bedding 
planes dip into the slope), then the GSI classification system, may be used with caution.  Another 
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limitation that needs to be accounted for is the aperture of the discontinuities within the rock mass, 
since these openings can significantly affect the rock mass properties.  The size of the apertures 
is termed a “disturbance factor” (D) in the latest version of the Hoek-Brown criterion.  The 
disturbance factor ranges from 0 for intact rock to 1 for extremely disturbed rock masses.  This 
factor allows for the disruption of the interlocking on individual rock pieces as result of the opening 
of the discontinuities.  The GSI classification system is a qualitative system that is subjective to 
the engineer or geologist logging the borehole.  Therefore a range of GSI values shall be 
determined from Figure 6-13. 
 
6.3.12 Rock Mass Rating 
 
The information obtained in the preceding Sections is also used to develop the Rock Mass Rating 
(RMR).  The RMR is used to determine how the mass of rock will behave as opposed to the 
samples used in unconfined compression, which typically tend to represent the firmest materials 
available.  Discontinuities affect the ability of rock to carry load and to resist deformations.  The 
RMR is the sum of the relative ratings (RR) for 5 parameters adjusted for joint orientations.  Table 
6-32 provides the 5 parameters and the range of values.  The RMR is adjusted to account for joint 
orientation depending on the favorability of the joint orientation for the specific project.  Table 6-
33 contains the relative rating adjustments (RRA) for joint orientation.  The adjusted RMR is 
determined using Equation 6-10.  The description of the rock mass is based on the adjusted RMR 
as defined in Table 6-34.  The adjusted RMR can be used to estimate the rock mass shear 
strength and the deformation modulus (see Chapter 7). 
 

𝑹𝑹𝑴𝑴𝑹𝑹 = 𝑹𝑹𝑹𝑹𝟏𝟏+ 𝑹𝑹𝑹𝑹𝟐𝟐 + 𝑹𝑹𝑹𝑹𝟑𝟑 + 𝑹𝑹𝑹𝑹𝟒𝟒+ 𝑹𝑹𝑹𝑹𝟑𝟑 + 𝑹𝑹𝑹𝑹𝑨𝑨           Equation 6-10 
   

Table 6-32, Classification of Rock Masses 
Parameter Range of Values 

1 

Strength 
of intact 

rock 
material 

Point load 
strength index 

>1,215 
psi 

1,215 – 
1,100 psi 

300 – 
1,100 psi 

150 – 300 
psi 

For this low range, uniaxial 
compressive test is preferred 

Uniaxial 
compressive 

strength 

>30,000 
psi 

30,000 – 
15,000 psi 

7,500 – 
15,000 psi 

3,600 – 
7,500 psi 

1,500 – 
3,600 psi 

500 – 
1,500 

psi 
150 – 500 psi 

Relative Rating (RR1) 15 12 7 4 2 1 0 

2 Drill core quality RQD 90 – 100% 75 – 90% 50 – 75% 25 – 50% <25% 
Relative Rating (RR2) 20 17 13 8 3 

3 Spacing of Joints >10 ft 3 – 10 ft 1 – 3 ft 2 in – 1 ft <2 in 
Relative Rating (RR3) 30 25 20 10 5 

4 Condition of Joints 

- Very rough 
surfaces 

- Not continuous 
- No separation 
- Hard joint wall 

rock 

- Slightly rough 
surfaces 

- Separation 
<0.05 in 

- Hard joint wall 
rock 

- Slightly rough 
surfaces 

- Separation <0.05 
in 

- Soft joint wall 
rock 

- Slicken-sided 
surfaces or 

- Gouge <0.2 in 
thick or 

- Joints open 
0.05 – 0.2 in 
- Continuous 

joints 

- Soft 
gouge >0.2 
in thick or 
- Joints 

open >0.2 
in 
- 

Continuous 
joints 

Relative Rating (RR4) 25 20 12 6 0 

5 
Ground 
water 

conditions 

Ratio – joint 
water 

pressure/major 
principal stress 

0 0.0 – 0.2 0.2 – 0.5 >0.5 

General 
conditions Completely dry Moist only (interstitial 

water) 
Water under moderate 

pressure 
Severe water 

problems 
Relative Rating (RR5) 10 7 4 0 
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Table 6-33, Relative Rating Adjustment for Joint Orientations 
Strike and Dip 
Orientations of 

Joints 

Very 
Favorable Favorable Fair Unfavorable Very 

Unfavorable 

Relative 
Ratings 
(RRA) 

Foundations 0 -2 -7 -15 -25 

Slopes 0 -5 -25 -50 -60 

 
Table 6-34, Rock Mass Class Determination 

RMR 
Rating 81 – 100 61 – 80 41 – 60 21 – 40 <20 

Class No. I II III IV V 
Description Very good rock Good rock Fair rock Poor rock Very poor rock 

 
6.4 FIELD AND LABORATORY TESTING RECORDS 
 
This Section discusses the presentation of field and laboratory data on SCDOT projects.  All soil 
test boring logs and laboratory testing results shall be provided electronically in both a .PDF file 
and as a gINT® file.  In addition, all CPT and DMT data shall be provided electronically as both a 
.PDF file and as an Excel® spreadsheet following the order provided in Sections 6.2.2 and 6.2.3, 
respectively.  As indicated in Section 6.4.1, the results of shear and compression wave velocity 
(Vs and Vp) testing shall be presented as a graph in .PDF and Excel® spreadsheet formats 
including the data table which shall include the Vs, Vp, depth of reading and the estimated unit 
weight at the reading..   
   
6.4.1 Field Testing Records 
 
The results of Soil Test Borings shall be preliminarily prepared and forwarded to the GEOR for 
review and editing as well as for the selection of samples for laboratory testing.  At the completion 
of laboratory testing, the preliminary logs shall be corrected to conform to the results of the 
laboratory testing and final Soil Test Logs shall be prepared and submitted.  Figure 6-14 provides 
the template for the preparation of a soil test log for use on SCDOT projects.  Figures 6-15, 6-16 
and 6-17 provide the descriptors to be used in preparing the logs.  Figure 6-18 provides a template 
for a manual auger log for use on SCDOT projects.  Figures 6-19 and 6-20 provide an example 
of a completed Soil Test Log.  Figure 6-21 presents an example of a completed Manual Auger 
Log.  The results of Field Vane Shear Testing (FVST) shall be presented on soil test boring 
records as indicated in Figure 6-22, with “FV” inserted after the boring number (i.e., B-1FV).  As 
indicated in Chapter 5, a record is required for Shelby tube (undisturbed, UD) sampling, if the UD 
is not obtained within a soil test boring.  See Figure 6-23 for an example.  The record of UD 
sampling shall consist of the soil test boring designation with a “U” after the number (i.e., B-1U). 
The results of the CPTu and DMT soundings shall be as presented in Figures 6-24 and 6-25, 
respectively.  The shear  and compression wave velocity (Vs and Vp) profiles versus depth shall 
be presented as indicated in Figure 6-26.  In addition, the Vs and Vp profiles versus depth shall 
also be included in the Excel® spreadsheet as well as provided as a table (see Figure 6-27).  In 
addition, to the information previously indicated, the Soil Test Boring records shall indicate the 
termination depth, if auger refusal was encountered and what depth.  Further, the Soil Test Boring 
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records shall indicate the depth of caving, if encountered and whether the caving was indicated 
at the completion of the boring or at some other time. 
 
6.4.2 Laboratory Testing Records 
 
In an effort to standardize the appearance of laboratory testing results, all laboratory testing 
results shall be processed using gINT® as produced by Bentley Systems, Incorporated.  Those 
tests that do not have presentation forms in gINT® shall use the forms currently being used by the 
GEC.  A summary of all laboratory testing results shall be provided (see Figure 6-28).  Following 
the laboratory results summary, provide a graph of index properties (liquid and plastic limits, 
natural moisture content and percent fines) versus depth.  Figure 6-29 provides an example of 
this graph.  The results of moisture-plasticity relationship testing results and grain-size analysis 
shall also be presented graphically as depicted in Figures 6-30 and 6-31, respectively.  The 
moisture-density relationship testing results shall be depicted as shown in Figure 6-32.  In 
addition, each UD sample is required to have an extraction log (i.e., Shelby Tube Log) indicating 
the soil encountered in each undisturbed specimen.  Further photos of each specimen will also 
be presented see Figures 6-33, 6-34 and 6-35 for examples.  The results of consolidation testing 
may be shown as depicted in Figure 6-36; however, alternate presentations of consolidation 
testing results may be presented with prior approval of the OES/GDS.  The results of unconfined 
compression testing may be shown as depicted in Figure 6-37.  The results of direct shear testing 
may be shown as depicted in Figure 6-38.  The results of triaxial testing should be shown as 
indicated in Figures 6-39 and 6-40.  In addition, photographs of the triaxial sample immediately 
after it has been extracted from the Shelby tube, after the sample has been trimmed and placed 
in the loading cell and after failure shall also be provided.  Figure 6-41 provides a summary of the 
results of rock core testing and Figures 6-42 and 6-43 provide an example of an individual 
unconfined rock core test result. 
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1 – The Elevation provided uses NAVD 88. 

Figure 6-14,   SCDOT Soil Test Log Template 
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Figure 6-15,   SCDOT Soil Test Log Descriptors – Soil 
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Figure 6-16,   SCDOT Soil Test Log Descriptors – Rock 
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Figure 6-17,   SCDOT Soil Test Log Descriptors – Rock (con’t) 
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1 – The Elevation provided uses NAVD 88. 

Figure 6-18,   SCDOT Manual Auger Log Template 
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Figure 6-19,   Soil Test Log Example 
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Figure 6-20,   Soil Test Log Example (con’t) 
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Figure 6-21,   Manual Auger Log Example 
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Figure 6-22,   Field Vane Shear Testing Log Example 
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Figure 6-23,   Undisturbed Sampling Log Example 
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Figure 6-24,   Electro-Piezocone Sounding Record Example 
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Figure 6-25,   Dilatometer Sounding Record Example 
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Figure 6-26,   Shear and Compression Wave Velocity Profile vs. Depth 
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Project Name: 

Bridgeway 
Project MASW 
Testing       

Project 
Number: 73215035       
Line No.: 1       

          
Depth S-wave velocity P-wave velocity Density 

ft. ft/sec. Ft/Sec. g/cc pcf 
0 639.578342 4946.396828 1.802648 112.54 

4.3 633.3 4944.6 1.8 112.54 
9.2 627.8 4943.4 1.8 112.54 

14.8 720.8 5044.7 1.8 112.92 
21.1 943.5 5276.7 1.8 113.75 
28.0 1201.3 5548.7 1.8 114.87 
35.6 1238.9 5589.0 1.8 115.02 
43.8 1414.8 5798.5 1.9 116.69 
52.7 1413.8 5819.8 1.9 117.53 
62.3 1348.8 5764.2 1.9 117.79 
72.5 1496.9 5924.8 1.9 118.80 
83.4 1614.4 6034.7 1.9 119.04 
94.9 1663.3 6066.7 1.9 118.51 

107.1 1905.4 6319.3 1.9 119.20 
145.7 1905.4 6325.2 1.9 119.20 

Figure 6-27,   Shear and Compression Wave Velocity Profile Table 
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Figure 6-28,   Summary of Laboratory Testing Results 
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Figure 6-29,   Index Properties versus Depth 
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Figure 6-30,   Moisture-Plasticity Relationship Testing Results 
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Figure 6-31,   Grain-Size Analysis Results 
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Figure 6-32,   Moisture-Density Relationship Testing Results 
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Figure 6-33,   Shelby Tube Log Example 
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Figure 6-34,   Shelby Tube Log Photograph Example 
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Figure 6-35,   Shelby Tube Log Photograph Example 
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Figure 6-36,   Consolidation Testing Results 
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Figure 6-37,   Unconfined Compression Testing Results 
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Figure 6-38,   Direct Shear Testing Results 
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Figure 6-39,   Triaxial Shear Testing Results 
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Figure 6-40,   p-q Plot - Triaxial Shear Testing 
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Figure 6-41,   Rock Coring Summary 
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Figure 6-42,   Rock Core Testing Results 
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Figure 6-43,   Rock Core Testing Stress versus Strain Graph 
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